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PRESSUREDISTRIBUTIONSONTHREEBODIESOFREVOLUTIONTO

DEWRWINETHEEFFECTOFREYNOIJ)SNUMBERUPTO

ANDINCLUDINGTHETRANSONICSPEEDRANGE

ByJohnM. SwihartandCharlesF.Whitcomb

SUMMARY

Thispaperpresentstheresultsofan investigationconductedin
theLangley16-foottransonictumnelto deteminetheeffectsofvarying
Reynoldsnuniberonthepressmedistributionona transonicbodyof
revolutionatanglesofattackthroughthetransonicspeedrange.The
effectofa changein stingconeangleonthepressuredistributions
anda comparisonofexperimentalincrementalpressureswiththeoryis
dSO included.

The
and
was

the

Themodelsweretestedthrougha Machnumberrangefrum0.60to 1.09.
Reynoldsn~er rangebasedonbodylengthwasfrmn9 x 106to 39x 106,
thecross-flowReynoldsnmber rangebasedonmaximmbodydlsmeter
1.3x ld to4.53x 105forthemodelat8° angleofattack.

An increaseinReynoldsnumberfrom9 x 106to39x 106affected
longitudinalpressuredistributionsveryslightly.Theseeffects

wereof sucha natureas to causean increaseof0.05inthenormal-
forcecoefficientofthebodywhentestedinthesticriticalcross-flow
Reynoldsnmiberrange.Thisincreaseisinagreementwiththeoretical
approximateens.

A comparisonbetweenexperimentalandtheoreticalvaluesofthe
incrementalpressurecoefficientduetoangleofattackindicatedgood
agreementexceptatangleswhereseparatedflowareasexistedoverthe
body.

Theeffectofa changein sting-coneanglefrmn5°to 9° onthe
pressuredistributionofthe120-inchmodelwasnegligibleup to a

. Machnuniberof1.05. At thisMachnuder theeffectwasto causea
smallincreaseinthevelocityovertherearofthebody.)

..
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INTRODUCTION

LOngslenderbodiesofrevolutionhavebeenusedforairships,
fuselages,externalstores,andmorerecently,formissiles.Testsof
thesebodieshavebeengreatlyacceleratedbecauseoftheirincreased
employmentasaeroiQmamicshapesin thetransonicandsupersonicspeed
-es ● Someoftheinformationavailableforseveral.differentbodies
isreportedinreferences1 to 4. ScnneeffectsofReynoldsnumberon
thepressure-distributionandforcecharacteristicsoftheRM-10missile
at supersonicspeedsaregiveninreference1. Reference2 presentsthe
resultsofan investigationoftheeffectsofcross-fluwReynoldsnumber
ontheaerodynsxdcforcesofbodiesof differentfinenessratiofor
varioussubsonicandsupersonicMachnumbers.

MostofthepreviousinvestigationsoftheeffectsofReynoldsnum-
berontheflowovera bodyofrevolutionathighMachnumbershavebeen
madewithzeropitchattitudeofthemodel.Thepurposeofthepresent
investigationwasto determinetheeffectsofvariationsinboththe
longitudinalandcross-flowReynoldsnumbersonthepressuredistribu-
tionsovera bodyofrevolutionatanglesofattackfra 0° to15°for
a Machnuniberrangefrom0.60to 1.o9. Thesting-coneanglewaschanged
from5°to 9° inthepresenceofonebodyduringtheinvestigation,and
theeffectsofthischangeonthepressuresovertherearofthebody
arealsodiscussed.An additionalpurposeoftheinvestigationwasto
presentan expertienticheckofa methodshowninreference5 forthe
calculationoftheincrementalpressureat anypetitona slenderbody
ofrevolutionduetoa changeinbodyattitudefromzeroangleof attack.
Reference4 presentsan experimentalcheckofthismethodinthetrans-
onicMachnwnberrangeusinga bodytestedat subcriticalcross-flow
Reynoldsnmnbers.Thispaperpresentsa supercriticalRe~oldsnumber
experimentalcheckofthemethod.

Threetransonicbodiesofrevolutionwithidenticalbodyprofiles
(exceptwheremodifiedfordifferentstingsupports)weretestedin the
Lan@ey16-foottransonictumnelat anglesofattackfrom-2°to 15°
overa Machnumberrangefrom0.60to1.09.

SYMBOLS

A

CN

d

maxbnumcross-sectionalarea, Y& Sqft

normal-forcecoefficient,N
~

bodydiameter,ft
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z

N

P

Al?

P

PO

~

R

r

Re

Rec

v

x

a

e

v

P

length,ft

nomal force,lb

P
pressurecoefficient,+

incrementalpressurecoefficientdueto angleofattack

localstaticpressure,lb/sqft

free-streamstaticpressure,lb/sqft

free-stresmdynamicpressure,&#, lb/sqft

maximumradiusofmodel,ft

radius at givenstationonmodel,ft

‘W basedonbodylengthfree-streamReynoldsnumber,
T

cross-flowReynoldsnuniber,PV s~ ~ based onbody
P

diameter

velocity,ft/sec

longitudinaldistancefrmnnose,ft

geometricangleofattack,&g

meridianangle,measuredfrombottomofbody,deg

viscosity,slugs/ft-sec

massdensityofairinfreestream,slugs/f4

APPARATUS

kn@ey 16-foottransonictumnel.-A descriptionoftheLangley
16-foottransonictunnelgivingdetailsoftheslottedtransonictest
sectionispresentedin reference6. Inthisfacilitythetest-section
Machnumbercanbevariedcontinuouslyfrmnabout0.2to 1.09simply

-..———. .— .——. — —— ..—. —.
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by variationof drivepower;no discontinuityinoperationisexperienced
at sonicspeed.Figure1 isa downstreamtiewofthetestsectionofthe
Langley16-foottransonictunnelshowingthe120-tichbodyinstalled.

support&rut.-Figure 2 isa sketchofthesupportconfiguration
usedintheinvestigationofthe120-inchbody. Themainsupportisa
verticalcantileverstrutof circular-arcsection,cappedwitha 14-inch-
diametercylindricalbody. Thecone-shapedstingisfairedintothis
cylinder.Theangleofattackofthemodelisvariedby rot&ionofthe
completestrutandstingasseniblyabouta pointonthelongitudinalaxis
ofthebody. Figure3(a)showsthedetaihofthelongandshortcones
withincludedanglesof~“ and9°,respectively,andtherelativeposi-
tionofthe120-inchmodelto thecenterofrotationwhenmountedon
eithercone.‘llhiscenterofrotationis96 inchesbehindthenoseof
the120-inchbodyforthelongconeand60inchesbehindthenosefor
theshortcone.

Modeldi.lEIISiOIIS.-Thebodyprofileisthatofthestandardfuse-
lageofbasicfinenessratio12usedin theWA transonic-wingresearch
program.Onemodelhasa maxhumdiameterof10 inches,60 inchesbehind
thenose. Therearofthismodelisfairedintoa 2-inch-diametercylin-
dricalstingsectionwhichreducesthelengthoftheactualbodybelow
thebasiclengthof120tithesfora bodyofthisdiameterandfineness
ratio(seefig.3(a)). Reference7,whichpresentstestinformation
obtainedfromthisidenticalbodyat zeropitchattitude,hasdesignated
t“~modelas a 120-inchbody. Therefore,forclarityofreference,
despitetheabove-mentionedstingfairing,thismodelis designatedthe
120-inchbody. ThesecondmodelisthesameastheIZO-inchbodywith
theexceptionthatit is cutoffat 100fichestoprovidefora heavier
stingsupport.A sketchofthismodel,designatedthe100-inchbody,
anditsstingis showninfigwe 3(b). Thethirdmodelisone-thirdthe
sizeofthe100-inchbodywitha 33.33-inchactualor40-inchbasic
length.Figure3(b)showsthe33.33-inchbody-stingcombinationandits
relativepositionintheLangley16-foottransonictunnelcmnparedwith
the100-inchbody. A tableofnon-nsional ordinatesforthebasic
bodyis showninfigure3(a). Theorificelocationsforthe120-inch,
the100-inch,and33.33-inchbodiesaregiveninfigures3(a)aud3(b),
respectively.Thebasiclengthofthebodyisusedto definetheorifice
locationin eachcase.

Modelconstruction.- Themodelsareallmetalandweremaintained
inan aerodynamicallycleanandsmoothconditionatalltimes.Thesur-
faceordinatesofthe120-inchandthe100-inchbodieswereessentially
thesame;however,theydeviatedfromthedesignordinatesas indicated
infigure4. Themaximumdeviationwas0.02inchbetween14and17per-
centofthelengthbehindthenose,andthetiviationwaslessthan
0.008inchfromthespecifiedordinateovertherestofthebody.

——. _— -
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TESTS

Testconditions.-TheMachnumberrangecoveredinthisinvestiga-
tionwasfrm 0.60to1.09.Thetestdatawereobtainedat constant
tunnelMachnumbersas theangleofattackwasvariedfrom-2°to 15°.
Forthe120-inchbody,thenmber ofmeridiansatwhichlongitudinal
pressuredistributionsoverthebodywereobtainedwaseffectively
doubledby rollingthemodel22.5°from0°rollat eachtestcondition.

Figure5 showstheReynoldsnuniberofthesetests.Therangesare
9 x 106told.x 106,26x d to 33 x d, ~d 31x 106 to 39x 106for
the33.33-inch,100-inch,and120-inchbodies,respectively;allbased
onbodylengths.Thecross-flowReynoldsnuniberrangedfrom1.3x ld to
4.53X 105withthemodelsat8° angleofattack.Foranglesofattack
above80,,Rec forthe33.33-inchbodyisinthecritical.rangeand
below8° Rec forthelargebodyapproachesthecriticalregion;there-
fore,cross-flowwasinvestigatedat only8°angleofattack.Thefree-
streamrelativehwniditywasat W timesbelowthesaturationpointand
generallyvariedfromabout80percentat thelowerspeedstolessthan
~ percentatthemaximumspeed.

lhSt?TUUEdXitiOII andaccuracyofmeasurements.-me lQcationsofthe
I@ pressureorificesareshowninfigure3 forthe100-inch,MO-inch,
and33.33-inchbodies.Thepressure;rificesinthe120-inchbodyare-
locatedin~ meridiansof21 orificeseach,distribtiedlongitudinally
as shown.Therewere4 orificemeridiansonthe100-inch@odyand
6 orif~cemeritiansonthe33.33-inchbody. It shouldbe notedthatthe
e =75 andl~” meridiansdidnotextendtheentirelengthofthe
33.33-fichbodybecauseofspacelhitations.TIEpressuretubesfrm
theseorificeswereconductedthroughthestingandstrut,andthence
tomultiple-tubemanometers.Thepressurecoefficientsareestimated
tobe accurateto~0.005.Theanglesofattackaspresentedareesti-
matedtobe accuratetoiO.lO.

Tunnel-wallcorrections.-Therehavebeenno tumnel-wallcorrections
appliedto thedatapresentedinthispaper.Suchcorrectionsexclusive
ofreflecteddisturb~cesat supersonicspeedsarebelievedtobe ne~-
giblewithinthespeedrangeoftheinvestigation

RESULTSANDDISCUSSION

(seeref.7).

Presentationofpressuredistributions.-TableI givesthepressure
coefficientsonthe120-inchbodyfor9 meridiansand?2.axialpositions.
Pressuredataonthe33.33-inch~odyw&spreviouslypr=sented& reference4

————.. — — . .
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Comparisonsofthepressuredistributionsalongthe0°and180°meridians
ofthebodiesaredepictedinfigure6 foranglesof attackfrom0°to 15°
andMachnumbersfrom0.60to 1.09asplotsofpressurecoefficientagainst
fractionofbodylength.Theslightdiscrepancieswhichoccurredat
x/2= 0.17 areattributedto localsurfacedeviationsof 0.023Inchover
thetwolargerbodiesas showninfigure4. ~1 bo~~ reflected
disturbancesalsoaffectedthedistributionsoverthe120-inchbodyat the
supersonicMachnumbersgreaterthan1.02(nodistributionswereobtained
overthe100-inchmodelinthisrange).Theseeffectswereobservedat
allanglesofattack.A comprehensiveinvestigationofthesedisturbances
onbodiesofrevolutionat zeroangleofattackis includedinreference8.
Reference7 definestheextentofthe“effectofthesedisturbancesonthe
pressuredistributionsoverthe120-inchbodyat zeroangleofattackin
theLangley16-foottransonictunnel.Mildeffectsofthesereflected
interferencesonthelargebodiesarenotedinthevicinityof x/Z= 0.35
ata Machnumberof1.5. Thereflecteddisturbancesbecomestrongeras
theMachnumberis increased.At a Machnunberof1.09,thedisturbances
came anabruptpositiveincreaseinthepressurecoefficientsof the
120-inchbodyat x/1= O.~. Thesewall-reflectedinterferencesappear
tohavelittleorno effectonthepressuredistributionoverthesmalJ_er
33.33-~chbo@~ theWey 16-foottrutic tunnelatllachnmbers
ofl.@ andgreatersincethereflecteddisturbancespassdownstreamof
thebodyatthesetumnelvelocities.

Theexpectedpressure-recoverydiscrepanciesbetweenthe33.33-inch
and100-inchbodiesandthe1.20-inchbodyareapparentinfigure6. The
33.33-inchand100-inchbodiesshowan abrqptpressurerecoverybehind.-. -
x/2= 0.75,whereasthe120-inchbodyshows
fartherdownstre~ontheafterbody.

EffectofReynoldsNumberOntheBody

a moregradualrecovery

PressureDistribution

Longitudinalpressuredistributions.-Theeffectofincreasingthe
Reynoldsnumberoverbodysectionsistomovethetransitionpointfran
l&inarto turbulentfl& towardthenoseofthebodyat subsonicspeeds.
Thismovementwouldincreasetheareaofturbulentflowoverthebody
surfaceanditwouldbe expectedthatseparationwouldbe delayedto
higheranglesofattack.Suchchangesintheflowwouldbeindicated
inboththepressuredistributionsandforcemeasurementsobtainedfrom
thebody. However,ifa turbulentboundarylayerexistsovertheentire
body,no changesshouldbeexpectedinthepressuredistributionswith
increasesinReynoldsnumber(forexample,ref.9).

Cmparisonofthepressurecoefficientsatthe0° and1800meridians
forthebodiesinfigure6 showsmalldifferencesinthesubsonicspeed
range.Comparisonsat theothermeridianstationsnotincludedshow
s~ results.Similardifferencesareshowninthesupersonicspeed .
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rangeexceptinthoseregionswherewall-reflectedwaveinterferences
intersectthelargebodies.It isestimatedthattheboundary-layer
flowoverthetwolargebodieswasalmostccunpl~telyturbulentsince
theReynoldsnumberwasgenerdlyabout ~ x 10b,andreference10 shows
thattransitionoccursata Reynoldsnumberofabout11x 106ona
highlypolishedbody. Reference10alsoshowednoeffectofReynolds
numberat zeroangleonthepressuredistributionsexceptina region
ofadversepressuregradientnearthemodelbase. Sinceverysmall
differencesinpressurecoefficientoccurrednearthereamostorifices
ofthe33.33-inchbodywhencanparedtothe100-inchbody,it isesti-
matedthattheboundary-layerflowwasturbulentinthisregion.

Becauseonlyslightvariationsinthepressuredistributionsalong
thebodymeridianswerenotedwherecomparisonswerepossible,itwas
believedthatmoresignificantdifferencesmightbecomeapparentifthe
circuhferentislpressurecoefficientswereexaminedatstationsalong
thebody.

Circu@erentialpressuredistributions.-Whena bodyofrevolution
isrotatedtoan angleofattack,thecrosssectionofthebodypre-
sentedtothatcomponentoftheairstreamnormalto thelongitudinal
axisisa circularcylinder.Ithaslongbeenknownthatanabrupt
reductioninthepressuredragof cylindersoccurswhentheboundary
J_ayerchangesfrmnlaminarto turbulentflow. If Re is below the
criticalvalues,thereislaminarflowoverthecylinderandseparation
oftheboundarylayeroccursnearthemaximumradius,however,if Re
isabovethecriticalvalue,turbulentflowexistsandtheboundary
layerremainsattachedtothecylinderuntilneartherearstagnation
point. ReferenceXl.showsthecriticalReynoldsnuuiberrangefora
cylindertobe frm 2 x 105to 4 x 1~. Significantchangesinthe
pressuredistributionaroundthecylindershouldbe evidentwiththe
separatedlamlnarflowyieldinglowerpressurecoefficients.

Figure7 showsthevariationofpressurecoefficientwithmeritisn
angleat x/Z= 0.10 forallthebodiesat 8°angleofattackandl!ach
numbersof0.60,0.95,1.00,and1.02. Thedataforthe33.33-inchbody
fromreference4 arealsopresented.The x/Z= 0.10station.waschosen
becausethelocalcross-flowReynoldsnuniberforallthebodieswouldbe
belowthecriticalvalue.Thereisgoodagreementbetweenthepressure
coefficientsforallthebodiesatmostmeridiananglesandMachnunibers.
Figure8 shuwsthecircumferentialpressuresfortwostationsnearthe
maximumdiameterforallbodiesat8° angleofattackmd atMachnum-
bersof1.00andl.02. Inthiscasethelocalcross-flowReynoldsnum-
berisabovethecriticalrangeforthelargebodiesandbelowthe
criticalrange
at x/z=0.36
theS- body

forthe33.33-~chbody.Th=pressuredistributions
and x/Z= 0.61 fora Machnmber of1.00showthat
isdevelopingmorenegativepressuresovertheupper

——. -. ——— .———.—. —.
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surface(e~ 900).At a Machnumberof1.02and x/Z= 0.36 itappears
thatthepressuredistributionsofthelargebodiesandthe33.33-inch
bodyintheLangley8-foottransonictunnelarebeingaffectedby slight
boundaryreflectedover-expansions(seeref.8) sincethe33.33-inchbody
pressuresofthepresentinvestigationaremorepositiveat EdJ-meridian
angles.At thesameMachnuniberbutatthemorerearwardbodylocation
of x/7= 0.61,thedistributionsindicateno suchinterferences.The
slotted-tunnelinterferenceinvestigationofreference8 madewiththis
identical33.33-inchbodyin~catedthatno localdisagreementinpres-
suredistributionsshouldbe anticipatedatthisbodylocationata
Machnuniberof1.02.

Ingeneral,ithasbeenshownthatthesmallchangesinthetisl
distributionofpressurecoefficientsmaybe significantwhenexamined
inthelightofthecircumferentialdistributionsaroundthebody. Ref-
erence3 indicatedthatthenormalforceofa bodymightbe increased
by an incrementof cross-dragandthatsamedifferencesmightbe expected
betweentheforcesofa bodyoperatedin subcriticalandsupercriticaJ-
Rec. ‘I@isexpecteddifferenceinnomal-forcecoefficientcouldbe
attributedtothechangein cross-dragcoefficientfora circularcyl-
inderfrom1.2to about0.3whenthecriticalcross-flowReynoldsnumber
rangewasexceeded.Calculationofthenormal-forcecoefficientsfor
the33.33-inchbodyandthe100-inchbodybythemethodofreference3
indicatesthatan incrementofabout0.05shouldbeevident.Theasso-
ciatedchangesin dragandpitchingmomentareverysmall.Figure9
showsthenormal-forcecoefficientat8° angleofattackforthe33.33-inch
and100-inchbodiesatMachnumbersfrom0.80to 1.02.Thevalueswere
obtainedfromintegrationofthepressuredata,andthenormal-force
coefficientsforthe33.33-inchbodyarefromreference4. Theincrease
ofaboutO.@ intheno?mml-forcecoefficientofthesmald.bodyoverthe
100-inchbodywhichisingoodagreementwiththetheoretical.approxima-
tionsis esttitedtobe theresultofoperatingina subcriticalcross-
flowReynoldsnumberrangeas shownbythecircumferentialpressure
distributionsinfigure8.

Incrementalpressurecoefficientsduetoan.gle ofattack.-The
gradualchangesshowninthepressurecoefficientsevenat thehighsub-
sonicandtransonicMachnuribersencouragetheuseofa s~le approach
to theevaluationofthebody-pressuredistributions.Reference5 pre-
sentsa methodforestimatingthetheoreticalvalueofincrementalpres-
surecoefficientsdueto angleofattackonan inclinedslenderbodyof
revolution.Thebasicassumptionmadeintheapplicationofthistheory
isthatthecrosswiseflowona slenderinclinedbodyofrevolutionmay
be treatedsimplybyconsideringonlytheflowperpendlculartothebody
longitudinalads. Thevariationinincrementpressurecoefficients
withthemeridianangleforthe120-inchand33.33-inchbodiesat8°
nminalangleofattackandthreeMachnmnbersis showninfigure10. The
theoreticalcurveforeachcaseis obtainedby themethodofreference5,
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andtheexperimentalvaluesareshownforthe
Theagreementbetweenexperimentalvaluesand

indicated
theoryis

9

Machnumbers.
similarto that

reportedinreference4 forthe33.33-inchbodyaloneandthesedata
substantiatethestatementsthereinthatthistheoreticalappro-tion
IsvaMd throughthetransonicspeedrangeforunseparatedflow. The
theoryofreference5 wasdevelopedfortheinviscidcaseanddoesnot
applywhereseparationoverthebodyexists.Separationovertheupper
rearsurfaceofthebodyisindicatedby a breakinthepattern,at a
meridiananglenear90°,to an incrementalpressurecoefficientwhich
tendstowardzero.!lhiscanbe clearlyseenat x/z= 0.767infigure10.

Effectof changein sting-coneangle.-Figure11 showsthepressure
distributionalongthe18OOmeridianofthe120-fnchbodyforthe5° and
9° sting-coneanglesfor0° angleofattackandllachnunibersof0.60,
0.95,l.OO,andl.q. Thechangein sting-coneanglewascoticident
witha changeintunnelaxialpositionofthemodelas showninfi~e 3.
Forthisreason,theverysmallaxialchangesinlocalvelocityin the
emptytunnelmustbe evaluatedinadditiontothelocalvelocitychanges
onthebodyattributableto thechangein sting-coneangle.Theeffect
ofthechangein sting-coneanglefrcza5°to 9°andthecoincidentshift
intunnelaxialpositionisverysmall.At thesubsonicI&chnumbers
(0.60and0.95)theexperhentaldatashowedhighervelocitiesoverthe
rearportionofthebodyinthepresenceofthe5° conewhichwerefuUy
explainedby thechangeinaxialposition.At sonicspeedthevelocities
werehigherinthepresenceofthe9° conewhichwasagaint~ced to the
changeinaxialposition.At a Machnumberofl.@, however,thechange
inaxialpositiondidnotentirelyexplainthehighervelocitiesonthe
afterbodyinthepresenceofthe9° cone.Thehighervelocitiesin the
presenceofthe9° coneareoppositein sensetothedifferenceexpected
froma theoreticalconsiderationofthesubsonicflowaheadoftwodif-
ferentcones.Themaximumdifferenceinpressurecoefficientis only
0.025ataMachntier of1.05,butit servesto emphasizethatsting-
supportsystemsshouldbe keptas smallaspossiblewiththeirmaximm
diameterfarbehindthemodel.

CONCLUSIONS

Theinvestigationofthreeslenderbodiesofrevolutionatangles
ofattackfrom-2°to15°througha Machnwber rangeof 0.60to1.Q
hasledtothefollowingconclusions:

1. Reynoldsnuniberhada smalleffectontheaxialpressuredis-
tributionsoftheseslenderbodiesofrevolutionfortherangeofthe
variablesinvestigated.

—.- ..———— . .—— ..—
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2. The decreaseinthebodynormal-forcecoefficientwhenincreasing
thecross-flowReynoldsnumberabovethecriticalrangeish agreement
withtheoreticalapproxhations.

3. Existingtheoryforcalculationofincrementalpressurecoeffi-
cientson a slenderbodyofrevolutionoperatingat angleofattack
yieldsresultswhichareingoodagreementwithexpertientexceptin
areasof separatedflow.

4. Theeffectofa changein sting-coneanglefrom5°to 9° anda
coincidentchangeintunnelaxialpositiononthepressuredistribution
wasnegligibleup to a Machnumberof1.05.

LangleyAeronauticalLaboratory,
NationalAdvisoryCcmmrl-tteeforAeronautics,

~ey Field,Vs.,August11,1953.

——



NACARML53H04 I-1

IIEmRENcEs

1. Perkins,EdwardW.,Gowen,ForrestE.,andJorgensen,Id-andH.:
AerodynamicCharacteristicsoftheNACARM-10ResearchMissile
intheAmes1-by 3-FootSupersonicWindTunnelNo.2 - Pressure
andForceMeasurementsatMachNumbersof1.52and1.98.WA
RMA51G13,1951.

2. Allen,H. Julian,andPerkins,EdwardW.: CharacteristicsofFlow
OverInclinedBodiesofRevolution.NACARMA50LCY7,1951.

3. Allen,H. Julian:EstimationoftheForcesandMcmentsActingon
InclinedBodiesofRevolutionofHighFinenessRatio.NACA
FMA9126,1949.

k. Estabrooks,BruceB.: AnAnalysisof
Measuredona HodyofRevolutionat
SlottedTestSectionoftheI&mgley
RM L52D21a,1952.

thePressureDistribution
TransonicSpeedsinthe
8-Foot‘hY311SODiCTunnel. NACA

5. AllenjH. Julian:PressureDistributionandSomeEffectsofViscosity
onSlenderInclinedBodiesofRevolution.NACATN2044,1950. -

6. Ward,VernonG.,Whitcomb,CharlesF.,andPearson,MerwinD.: Air-
FlowandPowerCharacteristicsoftheLangley16-FootTransonic
Tunnel.

—
NACARML52E01,1952.

7* Hallissy,JosephM.,Jr.: PressureMeasurements
lutionintheLangley16-Foot&ansonicTunnel
WithFree-FaldData. NACARML51L07a,1952.

ona I!odyofRevo-
anda Comparison

8. Ritchie,VirgilS.,andPearson,AlbinO.: Calibrationofthe
SlottedTestSectionoftheLamgley8-FootTransonicTunneland
PrelhinawExperimentalInvestigationofEmdary-Reflected
Disturbances.NACABML51K14,1952.

9. Jacobs,EastmanN.,andSherman,Albert:AirfoilSectionCharac-
teristicsAsAffectedby VariationsoftheReynoldsNumber.NACA
Rep.586,1937.

10. Czarnecki,K.R.,andMarte,JackE.: Skin-lRrictionDragand
Boundary-LayerTransitionona ParabolicBodyofRevolution
(NACARM-1O)at aMachNunberof1.6intheLangley4-by 4-Foot
SupersonicPressureTunnel.NACARML52C24,1952.

u.. Stack,John: CompressibilityEffectsinAeronauticalEngineering.
NACAACR,Aug.1941.



12 NAC!ARML53H04

PREMORECOEFFICIENI!SOFA 120-INCH~-RA!rIo-12mm OF

Fl!N~~ON~ ~ ~ 16-FcOl?!l!mmsOmc!lmmam

(a)M = 0.60.

I a - -?Jo a - k.l” I

I a .- @ II I
o.o170.11870.n O.Illm0.IZ40.E240.=930.IZ19O.w o.l@ JY.o17O.* O.m O.w o.- 0.- O.* Owl o.~tiO.*1
.03 .c&33. 3 .C.341.&3 .Ck3kl.G?43.C859.C2-Q.CmI .033.M33.X59.Wi9.W= .~ -:%

..0= .@l .Om .0330.m47.0s .0365d? .% X& :% :% :m” -..@ .o147.0M6.ag2.OIJ.o.0373.W73 .lm .
.1 -.o1111-:OIS3-.o183-.CC92-.0C91-.CQ37-.g -g ::~7 ?=.ti7:%% %%! :% -.= --S -..
.12?*W -.* -.&al-.oka-da?-.C4Q3-.
.233.- -.W --- --- -.m -.m -.* -.m -.W .=3-.’=9--- -.
.W ‘b- -.OW -.W --- --m --- --- -.=JJ -.W .PJ -.0 -o@ -.%!3 %%’ :2 :g.p -.g -.- -.om -am -

m -.m -.m -.0548LC591-.@.8 -.q13 -.
-.* ::o& -.ctg :.&& --- -.0%5 :.0X3 -.05’35-.%

-.
‘.- ‘.-10 ‘.- ‘:% ‘3

a -.0ss3-.aszl -.&a -.cfa :5% %37 -.C623-.0791-.@@-.m =43
%7 0553::05%9-:om%8 -.W -.0548-.m -.*
;633:% 20623-.@Sa-.(%G5-.om-S&23-.osa--- ---

.%7-.W37-.&u-.om-.Q%l-.@?+?.X?zi3-.05%-.0513-.

;: yg ::g ::g
“ --%%%% %% “%% %% ::%%:%% “::%”:7332043s-.

767-:% -.OI.83-.o103-.0W3-.o103--- --- -.==--- .767-.
.Olx.a92.0?31.OLlo.Ouo..mlo.Ogo

::% -:=-i.=-::=

.0?S .0365.W5 .* .Oa .@a .05
.C@ .06bo.O@ .- .&@ .&m .0635.- .86?%37

.0183 .0331- %% - .o#4 -:03E4 :03C8”

.09% .@-l -m .Om .05a3 .%87 .C5e3 .@6-l
.@ .%Q .Wx .’m5

.s02 .07e3 .CB43.0332.wn6.W19X-35a.@-a.W3 .C.327
.933.lm$.q@ .loog.05$9.Kc5.C5e9.@? -m .’397.933.- -- .= .- .~ .- .- .~ .~

h
I II U-8.9 I

—.



NACARM L53H04

w I.-Continued

PREmJREcoEF!FIclmT6a?A 120-INCHFIN3mm3-RATIo-12Km! OF

REVOLmIONINm rmmr 34-mmmmsomc mmuiz

(b)M = 0.$3.

13

. —.—. —e ._—



—.

NAC.ARM L53H04

TABLEI..Ccmt-

~ COEFFUZamOFA 120-lmcH~-RATIO-12 KllYOF
m’wXlurIoNm m mmxllmtimol!!mmsomcTmmml

(c)M = O.go.

a--z9

IXb A B c D E F G E I
—

I I I I [ I 1 I I
a - -O.1°

C-2. &
I 1 1 1 1 1 1 1 1

, , 1

a-4.10 I
Xb A B c D E r G H I

.0170.2336O.*1O.- 0.1953 0.U65 0.1M3o.12%2O.l!m..o.1194

:% :% %% :% :%! .@S2.0?s4.CQ45.03=Ad
.loz.WE .0719.C&2.Om

.lm .Om .07a’J.G93.04s7.Olw.W-l-a .Ca3-.~l

.133.Ow .W .0146.0141-.Cdl-.o1o$-.ol%-.0179-.ols2

.167-.W17-.Qm-.a247-.0353-.052-.0573-.* -.W73-.m

.233--m~--m --- --m --- -.O’W-.0760-.*1---
-w -.0359--CW--@31-.0$37-.@ -.*1-J=3-.W -.M
.367-.*37-.03%?-.GSQ-.0573-.0S72-Z&q-.C&a-.0553-.~
.433-.CW$7-.0552-.662-J%7-.o’nl-.0701-.& -.m -.05%.~ -J@ -.fi~-.- J-& -.W -mu -.@s$J-.w6-.MM
.557-.05JS--w -.6-E-.*1-.0709-.~37-.@ -.W9---
.633-.C&?-.0765-.Gas-.OW-.0333--m -.OQO-.C%5-.V85
.700--ml-.0851-.@=-.Q%3--- --06s’1--Q$~--*1-.@n
.733--- -mm -.0727-.6S9-.m -.0U6-.@7-.* -.q’g
:&7;.@$&;.CA&-.OWQ-.0239-.0214-.WA-.C039-.DXG!.Wlg

-@3 :U.=a:0333:% :%%/!.% .o~ .% -~~ .Ocg
.%7 .&g .c#3.071b.0791:@12:Cm :*1 be! :M12
.9 -UP -m -m -m .- -=75.W J$3 .~
.933.W9 .=-n-m -U5 .Ula.U21.Ilo7.llk3.11’iz

1 I I I 1 I I 1 1
a-6.@

1

a.8.40
1 I 1 1 I 1 I I 1

I I I I I 1 1 I 1 I



N/@ RML53H04

TAELEI.-Ccmtimlea

HwsllmCoEFFIcrml!sOFA120-INcHFINENE3S-RATIO-12H3D’YOF

REVOL1.PITONINTHELANGLEY16-FcOr!lRMUONICTUMJEL

(d)M = O.~.

15

a--2.+’

r/1A B c D E F a n I

, 1 1 1 t I 1 1 1

I I ! I I I I I I
a-as?

.017 O.1’iw0.1735O.lmO.mn .M7io.1W30.1939O..wmo.193s

I 4
.& .I& .l!a .lii4.& ..13i0ills.I.ibJ.& .lm
.&-l.@’l.- .C&Q“.C=@.& .0&3
.lm .Ow .03S3.0409.03s2.@ .03u:% :E :%
X3 .* -.0X7-m% .@ .03.l?.Co.37.Om .K5=5.@J7
.l@ .CAa-.o%a-.C!M-.@2a-.CW-.0U7-.041-.0426-.
.ZJ3-.o’m-.0$32-.C-=-.W.3--- -.0692-.C6S3-tin-.z
.?a--- ‘-am?-.0623-.orJ3-.(XZ3--- -c@ ..l%lo-.*
.367-.0%4-.m -.* -.W5=J-.m --- -. -.m -.*
.433-.o@l-.0733-.o?ls-.Oil%-.07%-.
.%-0-.m -.m -SfM-.W$’9-.m -.%x ::m %%? ::%
.%7-.0S71-.C6T2-.@3--- -X653-.0$(2-. 3-.C672,.0643
.633-.uM5-.@%-.&m-.0S36-.@Y1-.W6-.C.W3-.@%-ma
.7C0-.0%5--- -.@*-.GQ7-.@w-.@?-.* -.QW9-.C%19
.7?3-.m -.0610-.@32-.W.O-.0%-2-.C6J0-.05S-.&a-.05-n
.767.
.&m .Cmg.CQi9.Oao.Ovg.G-a.* S&2 .am .O=u

@’-’l

.833.054.5.O!wl~~7 .OSl&.C@ S& .0%3.0516.0534

:% :%: :%!+.ti7:m :1.!u7A, :&a :2 :%

rl-.til-.m=l.ml.. ml-.= l..ml..-..-l-.m

.533]ml! .Ilq .lfq .laq J.&q .I19q.mqat%].la5
1 I 1 t I I 1 1 1

a - 2.0°
i I [ I I i 1 1 1

, , , , ,

— .——. .— —.z — .—— .—. ——



.. .—

16 I?ACARM L53H04.Cgwwmmawm

TABLEI.-Contimld

COIIITICUZK’HOFA 120-lT?CHFINEw9s-RATIo-12R)DYOF

REVOLUTIONINTHEIANGLEY16-FomTRANSONICTUNNEL

(e) M = O.~.

a--a 3“ II a-4.10 I11

XJ1 A B c D B F a H I S/l A B c D E r o E I

JI..llml-.lio-.o

u - -OsO II m-642° I

I I I t I I I I I 1
a-8.4° I

———— –.—- ____ _______



3A

.

NACARML53H04

TABLEI.-Continued

PRESSURECOEFFICE3NTSOFA EO-INCHFRWNW3-RATIO-12HIM OF

REVOLUTIONINTEELANGLEY16-FOOTTRANSONICTUNNEL

(f)M = 1.0.

a - -8.30

I I I I I I I I I

E.-o. P

I I 1 I I I I I 1

I I I 1 I 1 1 t I

17

a - b.l” I
c/1A

I
B

I
c I D

I
E

I
F

I
o

I
E

I
I

I4

I 1 1 , , i
a-6.2° I

a-8.4°

I I I I I I I I 1 J

—..——— .-— —- —.——... ——~— —..——. .—-—



—

NACARML53H04

TAH.IEI.-Contimled

FR=3URECOEFFICC3NI?SOFA 120-INCHFImmss-RATIo-12BmY OF

REVOLUTIONINTHELANGLEY16-FOOI’TRANSONICTUNNEL

(g)M = 1.01.

a--z.3“ a-b.l”

.



NACARML53H04 19

!lXKLEI.-Contlnueii

.

PRHSURXCOEFFICIENTSOFA 120-INCHEDEIESS-RATIO-12KJDYOF

REVOLUI’IONINTHEIAmLEY16-FOOTTRmsoNIcTUNNEL

(h)M = 1.02.

a-a. +“ I a.4.P Ia

X/t A B c’ D E T G E I “X/l A B c D !3 T a E I

o.o170.- O.w O,lgm0.Eu4o.!2m0.2439O.a%?0.!2’LL50.2740.o170.m o-m O.- 0.24740

% :% :&l %x :3 :%?2:% :?% :m’ :%!
:% .= -.=&g.al&nIy& :%J “:% o:% “.% qg

.~ .*1 .’@ .- .- .m .@ .~ .Z .m3 . . . . “ “ . .
m :0700

.lm .M%4.1140.Cml.074gS@ .0444.Oma.0377.037s
.U3 .@31.016i’.W -.@& .*5 .0%9.m .’=3.-3 .U3 .- .l=53=$93.W3 .0- .~3 .@ .- .~m
.167-.@ ..0424-.om..ojn-.U%2-.o176-.OKI.W63.W73 .I.67.
.233-.C%%-.* -.= --- -.QQ5-.053E--- -.0405-.OW .m -.%7-x%

-.m99
--- -.@i3

-.a233
-.ms
-.0385-.*

---
-.05ZJ
-.@ -.&!&

-.0461
-.%
-.0462

:%Jz
3

--- --- --- -.W9-.W -.m --- ---
-.07W-.oi=9-.m -.o’i=s-.O-m--- -.0%7-.”%7

.?@

.%7
-.*
-.wm

-.M9J
-.m

-.W
-.e3

-.m
-.07-16

-.@u
-.@

-.~4
---

-J-v@
---

-.
-.m =749

-.m -.@Y+-.w@9-.WS-.* -.m -.@ -.’w% .433-.0747-.@43-.9 -.1o14-.J’@5-.~4-~
:g ::= -.. ::mS&i-.@l*..ca53-.@ -.caw-.om-.0T57.W -.0776-.calb-.* -.W57d@-o-.0947-.% :% ::%

-.0339-.wn-.m -.W39-.0S=9-.WJ30 -.KU6-.lfnl-JO%-.lw$-mm --- ---
.633-.@13-.0S05-.W -.c’.m-.wol-.03=J-.03J.O-.om-.W :% -%% s -.Io16-.@ -.* -:@9”-.~ -.m -.*
.7CU-.0S99-.(M52-.* -.(XH9-ma -mm -.* -.wi-l-.om

;% :;$$:2 :ZJ ‘%g ::g ::% Z%J ;g ::%
.7W-.g.lk-.WU-.KS6-.IU-.lm-.m -.m3-.* ---
.m <1.ziz-.ua62..l!m-.W -lop-.C957.Ca54-.. -.
.7%7-.SX2-.l.gg-.yT37-.lJl13-.C&s-.0614-. -.Z

:% .@& .%
A& #OJjhg ~lC&..LJW.&9 -b-l-:C%Ud :% :E -:%%.:%% :% :% :Os :%??

.1341.1342.I.332X294.Ia?4.Im

“:% :%$ :% :g -:g? ,:g? :% :&7 :% :%7
.ES7.Ilm.W .I.257.lw .131k.lm .K55:lw :1314

J&(4.l@ .I.655J.@ .I@J5.L511
:% :?$ :%! L&n .lmg.l%3.15%I.1544.U97.lGal

, .

I a--o-!f H u-6.# I

I I ! I I I I 1 1

u-1.9°

II I I I I I I I I 1
a-8.9 I

-=s=

.—— -.. -y. — —z _________ ____ . .



.— —— —

20 em~

!l!AWEI.-Continued

COEFFICIENTSm A 120-ICK!HFINmEss-RATIo-12

I?ACARML53H04

BODYOF

a--a #’” n =-b.l”

a-a. # n a=6J20

, , , # , ,
a-1.90 It a - 8.5° I

,.o170.@l-ro.f619O.mlfJ.-O:aul0.q 0.-3o:% 0.22SO.OIT0.3935o.3&iJ0.3460.ail-(o.2J370.163.80.154?+o.1%3o.1%9
.0s .an .a-n .fm .1593.lm .1797 .1779.m3 .m .$92.%2+.m .l% .nn.m .~ .M

% Jf&.U&AC&:% :? :2 :Z :% .Xc3.1963w qK6
:1489.Ufa.- . .Z4m.22%0.l@ .U?46.G316.W33.0530.0761.ci316

36 .- -m .U3 .1733.14n:l!mgL%35-Z :;% +%.1:~ :%
.U57 0S5 .- :Om :m.%:ccm.0Q6.Ow .167.lJz2.Ww3.m .@ .:0358-.WJ6.:W9-.ONI-.
m -.0193-:cOm-b -.ca62-.WS-.aza-.c@3~:~ ~.m&
:X0-.0%-2-.0s35-.* --- -.om-.& -.07Z?

.a .03@.m$ --w -.V72--- -.GW-.* --- -.053s

.303-.olck..- -.05XJ-.lc@-.= -.L?72-l@ -.0S43-.0786
.*T-.0SS-.0%6 s -.@@-:0=9 .367-.W --- -.~ -.lo~-.m -.~~--- -.@ -.0637
.433-.O-&-. .433-.O&?-.l%lg-.m6-.1
.%a-.* -.0946-. ‘ .%0-.G%h...o-(-@-.lW-F-.1%?%’g ::H%?::%?%?? x%

m -.llm-.
:633::

.%7-.l.m-.U.U-.U33--- -.17W-Jw -.= -.JJ.@-.@
li54-.lza5-.lmM-l@ -.IV2 .633-.W -.1318-.lm-.1747-.1672-.lw-.ll%-.ral-.1OZ9

-.14%-.1413-.M9-.13?9::% ::%e
i33-.UM-.W

.700-.1U6~.lm-.lm-J943-.1783-.1*--- -.fi30-.I.U
-.Ikfil-.1*I3-.lB-.E&o 1.2n

:767-.14U-.lw-.WZ?
-.w :W ..T#-J@ -.~ -.1970-.=2-I-J@ -.MQ-,1131-.I.&u-.oam

.eul-.0777-.@16-.
-.1733-.U43-.1Ss$-.V34-.U36-.m --- -.~ -.@

.833.ti -:g$-:% ‘ :g -.= --~ -.% -:% -.%7-.g -:% -:O&-:SQ&

.057..gx .lW :lm .867h346:13U:1W9.M@ :1s :1
.19%.mm .Sm .Z5-3.=.S!5.=49.- .mli?.Sl%?:% :s :%

.= .axn.2=3.=33.= .933.2%7.2k3g.- .W .m.5.2W .Zl$5.2262.

=x$=



NACARML53H04

TABLEI.-Concluded

PMSSURXCOEFFICEN!I!SOFA 120-INCHFTXENE3S-RATIO-12I?ODYOF

REWOLUMONINTHE1AIWLE%16-FOOT!CRANSONICTUNNEL

(j)M = 1.09.

23-

u - -ar a.b.lo

X/l A B c D IS F 13 H I Xfl A B c D E F a E I
, , , , i , I 1 1 , I , , t , , I

.OI’do.mlllo.mlhlo.ldo.fm10.’as&255’flo.Ao.m5do.27edl 0.01'flo.m4010.2798lo.fdo.!a4lo.2z45lo.ecdo.1A0aYAo.l8.35

u - -OsO II
I I 1 I 1 1 t 1 #

c - 6.2°

a-1.90 II a -.8. s“ I

—___ ..— —-— _ —-—————- —. . .



I —.

Figure 1.- Downstream view of the test section of the Langley

transonic tunnel showing the 120-inch bcdy installed.
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Figure 2.- Long 6ting configuration mounted on mcdel support head and
strut at angle of attack.
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Figore 5.-Variation of average Reynolds number with Mach number for
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Figure7.- Circumferentialpressuredistributionsat onebodystation
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Froctlon of body length , x/z =Ez=-”-

F@.rre 11. - Variation of pressure coefficient on the 120-inch bcd.yalong
the 180° meridian for the 5° and 9° Btring-cone angles with Mach numker
at 0° angle of attack.


